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S1. Challenges to reproduce experimental results and risk factors involved
The problem of system failure due to pyrolytic carbon formation has already been reported in the literature for high temperature reactions in a quartz tube under microwave heating. In our work, over a period of ~15 hrs of MW heating, the quartz tube eventually broke. As shown in Figure S3 a, the black-colored fresh catalyst is readily visible through a fresh transparent quartz tube. However, after several heating and reaction experiments for nearly 15 hours, a solid layer of white and black color was formed on the inside of quartz tube wall (Fig S3 c) . Analysis of this layer has not been done yet, as it is not within the scope of this work; it could be a pyrolytic layer as reported already, degradation of the quartz tube due to heating above its thermal stability limit or combination of both, damaging the tube both from the interior and the exterior. The thermal camera helps in case of reactor damage and reveals tube breakage, as shown in Figure S3 d, which is impossible to know when using point sensors or pyrometers.
Reproducibility of heating profiles under microwaves is another major issue. During microwave heating, catalyst physical properties and composition may change resulting in different dielectric properties and eventually different heating patterns during future experiments. In addition, emissivity changes with temperature, different gases in the catalytic bed and surface properties of the quartz tube due to pyrolytic layer formation as mentioned earlier. Further, for given experimental settings, a sudden decrease in the reflected power may be observed, resulting in an unwanted steep temperature increase. Then, tuning of control elements can in principle adjust the reflected power, but doing so manually during the experiment involves the risk to overheat the S6 catalytic bed and to damage the reactor and temperature sensor. Further, such tuning would be based on the heated load properties at the time; therefore, it is highly impossible to reproduce the same results if tuning is done every time.
Besides, microwave heating involves changes in hot spot location inside the reactor and affects the overall infrared radiation towards a thermal camera. A thermal camera is a very good option for non-contact measurements; however, in cases of uneven heating behavior of the system, emissivity values at different hot spots will change; this will compromise accurate temperature monitoring if the camera settings are not adjusted. Collectively, proper monitoring of high temperature reactions under microwaves requires particular caution. To avoid any random behavior during the experiments, it is recommended to first check the thermal behavior of the system before planning and optimizing the actual experiments.
